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Hydrooenatlon process for preparing optically active alcohols or carboxyiic acids 
Description: 

5 The present invention relates to a process for preparing optically active hydroxy-, 

alkoxy-, amino-, aikyk aryl- or chlorine-substituted alcohols or hydroxy carboxyiic acids 
having from 3 to 25 carbon atoms or their acid derivatives or cycllzafien products by 
hydrogenating the correspondingly substituted optically active mono- or dicarboxylic 
acids or their acid derivatives. 

10 

The target compounds mentioned constitute valuable intermediates for the pharmaceu- 
ticals and cosmetics industry for the preparation of medicaments, fragrances and other 
j v v ;he lis which e i f cult to obtain inexpensively. 

15 EP-ACt 357 c * ^ f: optica i j amino alcohols by 

hydrogenating the corresponding amino acids in the presence of Ru catalysts reduced 
with hydrogen at temperatures of from 50 to 1 50°C and pressures of from 5 to 300 bar. 

EP-A 0717023 relates to a process for preparing optically active alcohols by reducing 

riuced with hydrogen at temperatures of < 160 S C and pressures of < 250 bar. 

WO 99/38838 describes a process tor preparing optically active amino alcohols by 
catalyticaily hydrogenating the corresponding amino acids with hi- or trimataie unsup- 
25 ported or supported Ru catalysts with addition of acid. 

O 39/38 l ! hydrogenati < r ontain 

ruthenium and at least one further metal having an atomic number of from 23 to 82. 
Using these catalysts, It is possible to hydrogenate carboxyiic acids and their deriva- 
30 fives under mild conditions. In the case of enan* < * v es U>€ 3cn ev 

able enantiomeric success is a maximum of 98.8% at yields below 80%. 

WO 99/38824 describes a process for preparing optically active alcohols by reducing 
optically active carboxyiic acids in the presence of Ru catalysts which have been re~ 
35 duced with hydrogen and contain at least one further metal having an atomic number in 
the range from 23 to 82. 

EP-A 1051388 describes unsupported Ru/Re suspension catalysts by which chirai a- 
amlno acids or cx-hydroxy acids can be reduced at from 60 to 10Q°C and 200 bar of 
40 hydro etc ponding chirai a cohols. 

US-4,659,586 discloses that., using alkali metal- or alkaline earth metal-doped catalysts 
which contain a Pt group metal and Re on carbon in the hydrogenafion of malic acid, 
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the reaction products formed are tetrahydrofuran (THF) and/or butanedio; (BDO), 8u- 
found using hiese catalyst 

EP-A 147 213 describes Pd-Re catalysts and their use in a process for preparing THF 
5 and BDO. Example 39 shows that the hydrogenation of malic acid at 200*0 and 
170 bar leads in yields of 86% to THF and of 21% to BDO. Butanetrio! is not found. 

Adv. Synth. Caiai. 2001 , 343, No. 8 describes the use of the Nlshimura catalyst {Rh-Pi 
oaic x , - ' \je nation of a-amino acid esters and a-hydroxy 

10 carboxylic esters. However, large amounts (10% by weight) of the expensive catalyst 
system are required there. Moreover, the free carboxylic acids initially have to be con- 
verted to the corresponding esters in a furthet s 

A problem in the use of Ru catalysts in the hydrogenation of carboxylic acids is that 
1 5 they have a high tendency to deearbonylate the reactants used or the products ob- 
tained to release carbon monoxide. In addition to the associated high pressure rise, the 
reduction of the carbon monoxide released to methane constitutes a great safety risk. 

It is an object of the present invention to provide a process for hydrogenating optically 
20 v s i jerh i 

alcohols, in which the undesired decarfoonylation of the reactants used or the products 
formed Is very substantially prevented. 

According to the invention, this object is achieved by providing a process for preparing 
25 optically active hydroxy-, alkoxy-, amino- alky!-, aryb or chlorine-substituted alcohols or 
hydroxy carboxylic acids having from 3 to 25 carbon atoms or their acid derivatives or 
cyclization products by hydrogenating the comx \ omme 

mono- or dicarboxyilc acids or their acid derivatives in the presence of a catalyst whose 
active component is a noble metal selected from the group of the metals Pi, Pd, Rh, If, 
30 Ag, Au and at least one further element selected from the group of the elements. Sn, 
Ge, Cr« Mo, W, Ti, Zr, V, Mn, Fe, Co, HI, Cu, Zn, Ga, in, Pb, 81, Ce, Pr, Nd, Pm, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu. 

The process according to the Invention is suitable for hydrogenating optically active 
35 mono- or dicarboxyilc acids having from 3 to 25, preferably having from 3 to 12, carbon 

atoms, which may be straight-chain, branched or cyclic and have at least one, typically 

from 1 to 4, substifuents each bonded to an asymmetrically substituted carbon atom. 

The process is equally suitable for hydrogenating acid derivatives of the substituted 

carboxylic acids mentioned. Here, as within the entire context of the present invention, 
40 the term add derivative means that the acid function is present in the form of an ester, 

a partial ester, an anhydride or an amide, preferably in the form of an ester or partial 

ester. 
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In the context of the present invention, optically active compounds refer to the those 
Dompounc c £ e apa c as such onn dissc veo orro, of ; t plane of 
poiariza o^ flinea oo arized I g¥ passn s th ouan Compound 3 ng a stere 
5 s of the ivy? anitomers, i.s xture >> i I 

- v rne us r r er , n - m , jrts o :ase ol : e c ;nversio c n- 
peunds having more than one stereocenter, different ct<. > \ ; » I e 

which, each viewed alone, are to be regarded as optically active compounds. 

10 Possible substituents bonded to asymmetrically substituted carbon atoms include: hy- 
droxy!, aikoxy, amino, aikyl aryl or chlorine substituents, and aikoxy substituents refers 
in particular to those whose organic radical bonded to the c ygen atom has from 1 to 3 
carbon atoms, amino substituents may be present in the form of the free amine or pref- 
erably in proicnated form as the ammonium salt arid optionally having one or two or* 

15 ganio radicals each having from 1 to 5 carbon atoms, the aikyl substituents have from 1 
to 10 carbon atoms and the aryl substituents from 3 to 14 carbon atoms and may 

emseives bear s en e ' - e - ■> >ns, and the 

aryl substituents may also have from 1 to 3 heteroatoms, for example N. S and/or O, 

20 The suDCuLers Te~Vied t ^ . _ 

mono- or dicarboxylic acid to be converted. Preferred substrates in the context of the 
present invention are those which have at ieast one of the substituents mentioned 
which have on an asymmetric carbon atom in the a- or ^-position, more preferably in 
the exposition to the acid function to be hydrogenafed. 

25 

In the case of the conversion of dicarboxylic acids, the inventive fcydrogenation reaction 
may, as desired, be conducted in such a way that either only one or both of the car- 
boxylic add functions or carboxylic acid derivative functions present in the substrate 
molecule are hydrogenafed to the hydroxy! functions. 



For example, the process according to the invention is suitable for converting optically 
active carboxylic acids or their acid derivatives of the formula I 



30 



Y 



o 




X 



35 



in wh eh th - s each defined as follows: 
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R : straight-chain and branched e r -C< 2 -alky1, C-C^-araikyi or CrC-4-aryl. where the 

■ t > NR 3 R\ Or Of f 
groups stable under the reaction conditions, 



5 R 2 : hydrogen, straight-chain or branched C r C ;i ~alkyi or C 3 -C r cyc!oaikyi ( 



X t Y; 

each independently hydrogen, chlorine, NR S R S or ORy straight-chain or 
branched d-do-alkyi or Ce-C^-aryi, with the proviso that at ieast one of the X or 
1 0 Y radicals is not hydrogen, 

X and R 1 or Y and R\: 

together may also be a 5~ to 8~membered cycle, 

15 R\ R\ R 5 and R e : 

each independently hydrogen, straight-chain and branched d-C^aikyi, CrCir 
araikyl, Ca-C^-aryi, C 3 -C s -cydoaikyl or C 3 -C s -eydoa!ky; in which one GHa group 
has been replaced by O or NR S , 

20 R s andRVandR 5 andR e : 

each independently together also ~{CH 2 } m - where m is an integer from 4 to 7, 

R 1 and R 5 : 

together also -{CH 2 ) n - where n is an integer from 2 to 8, 

25 

R 7 : hydrogen, straight-chain or branched d-dralkyl or Cs-Ca-cycloalkyi, 
R 1 and R 7 : 

together also -(CH 2 ) ft - where n is an integer from 2 to 8 and 

30 

Ry : aigl -chain or branched C t -Ctr-a!kyi, C r C, 2 -araSkyi or C s -Ci4-aryi, 



or their acid anhydrides to the corresponding optically active alcohols. 

35 The R ! radicals may be varied widely and may also bear, for example, from 1 to 3 sub- 
s tuents stable under the eact nditions c s NR 3 F ! i < > C >Oi 

Exampies of R 1 radicals include the following: 

Ci-Cs-aikyi such as * n> propyl, 1-methyiethyl, butyl, l-methylpropyl, 

40 2-methylpropyL 1 . 1 -dimethyiethyl, pentyl 1-methylbutyS, 2-methylbutyl, 3-methyibutyi, 
2,2-dimethyipropyl, 1-ethylpropyt hexyi, 1,1-dimethyipropyL, 1,2-dimethylpropyf, 1- 
methylpeniyi, 2-methyipentyl, 3-methyfpentyl, 4-methylpentyl, 1,1 -dimethyl butyl, 



BASF Akisengesellschaft 



2004011 a 



PF 55333 DE 



5 

1 5 2-dlmethylbytyL 1 ,3-dimethyibufyl 2, 2<li methyl butyl 2,3-dimethylbuiyl, 3,3- 
a . / ' < , no 2 <=- ^ >i " „ s * . . -> 1 , . ^ 

ethyl- 1-methyipropyi or l-eihyl-2-methylpropyi, 

5 Ci-C 12 -a!kyl such as Ci-C s -aikyl (mentioned above) or unbranched or branched heptyi. 
oeiyl, nonyi, decyi undecyl or dodeeadecyl, 

C 7 -C 12 "3ralkyi such as phenyimelhyl, 1-phenyieihyi, 2-phenylethyL i-phenyipropyi. 
2-phenylpropyi or 3-phenyipropyl, 

10 

C 6 -Ci 4 -aryi such as phenyl, naphthyl or anthracenyf, where the aromatic radicals may 
be as -substituents such as NR 9 R 10 , OH and/or COON. 

Examples of definitions for R 2 are as follows: 
15 hydrogen, straight-chain or branched C,-C-< 2 -alkyS (as mentioned above) or G v rC, r 

cycioaikyi, for example cyclopropyl, cyciobutyl, cyciopeniyi cyclohexyi cycloheptyl and 
cyelooctyL 

Instead of the carboxyiic esters, the carboxylsc acid derivatives used may also be the 
20 add anhydrides. 

The X and Y radicals are each independently chlorine, NR S R 6 or OR 7 , where R s arid 
R e s just like R 3 and R 4 , or R 9 and R 10 , are each Independently hydrogen, straight-chain 
and branched CrGu-a&yi. in particular CrC 6 -alkyi, C ? -Ci r araikyi or Cs-Gw-aryl, in 
25 particular phenyl, or C .-weycioalkyi (In each case as mentioned above for the R 5 and 
R 2 radicals), and where at least one of the X and Y radicals Is not hydrogen. 

The X and R 1 or Y and R 1 radicals may also together be a 5- to S-membered, saturated 
or unsaturated and optionally substituted ring, for example a cyciopeniyL a cyclohexyi 
30 or a cyciooctyl radical. 

The R 3 and R\ R 5 and R e , and R 9 and R 10 radicals may together each independently 
also be -{CH. s ) m - where m is an integer from 4 to 7, in particular 4 or 5, One CH 2 group 
may be replaced by O or NR 8 . 

35 

The R' and Fh 5 radicals together may also be ~{CH 2 ) R - where n is an integer from 2 to 6, 

The R 7 radical is preferably hydrogen or straight-chain or branched C-CP-alkyl or C s - 
C s -cycioa!ky1, more preferably methyl, ethyl, 1-roethyiethyi, 1,1-dimetbyiethyl, hexyi, 
40 cyclohexyi or dodeeyj. Together with R\ it may also be -(CH 2 ) r - where n Is an integer 
from 2 to 6, 
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The p} i a ac >'6 ig o e nven c t is also suitable for converting opt aci d 
dicarboxyiic acids or their acid derivatives., in particular those of the formula (if) 




X' 



5 where 

X', V; each independently hydrogen, chlorine, NR^R 6 * or OR 7 ', straight-chain or 

branched Ci-C 10 -a!kyf or Cs-C 10 -aryl, with the proviso that at least one of the 
X' or V radicals is not hydrogen, 

10 

R 1 ', R 2 ': each independently hydrogen, straight-chain or branched C r C 1z -a!kyi or C ;r 
Ca-cycloaikyl and 

n is an integer from 0 to 8 

15 

R 5 ', R Si : each independently hydrogen, straight-chain and branched C r Ci 2 -alkyl, Cr~ 
Ctraraikyl, CVCu-aryi, C 3 -C s -cydoalkyl or C s -C 8 -cycioaikyl, in which one 
CH 2 group Is replaced by O or NR 8 ' and, together, is also -(CH 2 ) m - where m 
is an integer from 4 to 7, 

20 

RR hydrogen, straight-chain or branched C r Ci 2 -a!kyf or C 3 -C r cycioaikyl and 

R 8 ': hydrogen, straight-chain or branched CrCi 2 -aikyi, Cr-Ciraralkyl or C g -CR r 

aryl 

25 

to the corresponding optically active hydroxy carboxylic acids or their acid derivatives 
or, in the case of the hydrogenation of both carboxylic add functions, to the corre- 
sponding optically active substituted diois. For example it s also { jss b < > h sges - 
ate cpflcaily active hydroxy dicarboxyiic acids to the corresponding optically active 
30 triois. 

R a ui R : max. by way of example and each independently, assu ne z : wing 
n " v ^ gc •> alg t-c o > shed C C alkyi fa specif! ( v 

radical R 1 In formula 1} or C 3 -C«rCycloafkyi, for example, cyciopropyL cyciobutyl, 
35 eyclopeniyi, cyciohexyl cycloheptyl and cycioocty!. 

Instead of the carboxylic esters, the carboxylic acid derivatives used may also be the 
acid anhydrides. 
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7^e N 3nd or c: s cse _e.m * ^ d'ce* color c NR R o OR 

where R v and R t: are each independently hydrogen, straight-chain and branched C r 

z « Kv c : c c > ~ " ) i 

QrCs-cydoaikyi On each case as specified above for the R 1 and R ; - radicals in for- 
5 mula !•}, 

The R 6 * and R* radicals may each independently together also be -(CH 2 ) f!! - where m is 
an integer from 4 to 7, in particular 4 or S. One CH 2 group may be replaced by O or 
NR*. 

10 

The R r radical is preferably hydrogen or straight-chain or branched Ci-C 12 -aikyf or Or 
Cs-cycioaikyi, more preferably methyl, ethyl, 1-methyiethyi. 1,1-dimethylethyi. hexyl, 
cyclohexyl or dodecyt 

1 5 The optically active hydroxy carboxylic adds or dials obtainable by the process accord- 
ing to the invention by hydrogenating optically active dicarboxylic acids, for example- 
those of the formula II, may, under suitable conditions, also form optically active cyclh 
zation products by Intramolecular cycii.sat.ion. for example lactones, lactams or cyclic 
ethers. Preferred cycHzation products are the lactones and cyclic ethers, whose prepa- 

20 atio >pt!ca!iy acta j g< srboxyiic; ids and 

subsequent cyciization also forms part of the subject matter of this invention. Preferred 
optically active lactones obtainable in the inventive manner starting from optically active 
dicarboxylic acids of the formula II are, for example, those cf the formula Hi or IV 

I A 

Y 

(III) (IV) 

25 

where the X\ Y ! radicals and n are each as defined for formula II. 




Preferred cyclic ethers obtainable in optically active form in the inventive manner start- 
f I c i \e fe v ! ' z sre> - those -)t 

30 the formula V or VI 




X 1 r 



(V) 



(VI) 
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where the X', V radicals and n are each as defined for formula II. 

In this way, the process according to the invention makes available, tor example, the 
following lactones in optically active form; 2-hydroxy~K-buiyrolactone t 3-hydroxy-v- 
5 butyrolacione, 2-chioro-y-butyroiactone, S-chioro-y-butyrolactone, 2-aminc~y<- 
butyroiaotone, S-aroino-y-butyroiactone, 2-rnethyi-y-butyrolactone, 3-methyl-y- 
butyroiactone, 3-hydroxy-S-valerolaclone, 4-hydroxy-S-valeroiactone, 

Among these, particular preference in the context of the Inventive preparative process 
1 0 Is given to S-hydroxy-K-butyrolactone In optically active form. 

Examples of cyclic ethers made available In optically active form by the process ac- 
cording to the invention include: 2-hydroxytetrahydrofuran, 2-methyltetrahydrofuran and 
2-aminoietrahydrofuran. 

15 

Examples of preferred compounds obtainable In optically active form by the process 
j tion include 

1.2- and 1,3-amlno alcohols, for example: a-a!aninol, and also, in each case in the ee 
20 or/9-forrn; leucine!, isosennoi, valine!, IsoieucinoL sennoL threonine! , lysine!, phenyla- 
lanines, tyrosine!, proline!, and also the alcohols obtainable from the amino acids or- 
nithine, eitruine, aspartine, aspartlc acid, giutamine and glutamic acid, by converting 
the corresponding optically active a- or ^-amino acids or their acid derivatives, 

25 1 ,2- and 1 ,3-aikanediois, for example: 1 ^-propanediol, 1 ,2-butanedioi, 1 } 2-pentaned!oi, 

1 .3- pentanedlof by converting the corresponding optically active a- or ^-hydroxy car- 
boxyiic acids or their acid derivatives, 

1,2- and 1,3-chioroaicohois, for example 2-chloropropanoi, by converting the 
30 corresponding optically active ee- or^-chiorocarboxyllc acids, a- or ^-chiorodicarboxylic 
ac-ds or the-? acid derivatives, 

12- and 1 ,3-alkylaieohois, for example 2-methyl-1 -butane! by converting the corre- 
sponding optically active a- or £~aiky!carboxylle acids or their acid derivatives, 

35 

trials, for example 1,2,4-butanetnol, 1 ,2,.5-pentanelno!, 1,2,6-hexanetrloL by converting 
the corresponding optically active a- or ^-hydroxyhydroxydicarboxyiic acids and 

dihydroxyearboxyile acids or their add derivatives, for example 3,4-dihydroxybutyric 
40 acid, by converting the corresponding optically act! e ilcarboxylic acids. 
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Suitable fc , it the - e roge on process are those 5 hose 
active component is a noble metal selected from the group of the metals Pt, Pd, Rh, ir, 

ianc i r ected from the e elements 

Ge, Cr, Mo, W, Ti, 2r, V, Mn, Fe, Co, Nl, Cu, Zn, Ga, in, Pfo, Bs, Ce, Pr\ Nd ( Pm, Sm, 
Eu t Gd, Tb ; Dy ; Ho, Er, Tm, Yb, Lu. 

Preferred catalysts in the context of the process according to the invention are those 
whose active component comprises a noble metai selected from the group of the met- 
als Pt, Pd, Rh, Ir, and at least one further element selected from the group of elements 
specified above. Among these further elements, preference is given to the elements 
Sn, Ge, Cr, Mo and W, particular preference to Sn. 

Particularly preferred catalysts in the context of the process according to the Invention 
comprise, in the active component, a noble metai selected from the group of the metals 
Pt, Pd, Rh, Ir, and at least one further element selected from the group of the elements 
Sn, Ge, Cr, Mo and W. Special preference is given to those catalysts whose active 
component comprises a noble metal selected from the group of the metals Pt, Pd, Rh, 
Ir, and, as the further component, Sn. Very particular preferred catalysts have an active 
component which comprises Pt and Sn. 

The inventive catalysts may be used with good success as unsupported or as sup- 
ported catalysts.. Supported catalysts have the feature that the selected active compo- 
nent has been applied to the surface of a suitable support. To carry out the inventive 
hydrogenallon process, particular preference is given to supported catalysts which 
have a high surface area and therefore require small amounts of the active metals. 

/s s can oe prepared, for example, by reducing a slurry and/or 
solution in aqueous or organic medium of the noble metal and of the further inventive 
active components in metallic form or in the form of compounds, for example oxides, 
oxide hydrates, carbonates, nitrates, carboxylases, sulfates, phosphates, haildes, 
Werner complexes, organometallic complexes or chelate complexes or mixtures 
thereof. 

When the catalysts are used in the form of supported catalysts, preference is given to 
supports such as charcoals, carbon blacks, graphites, high-surface activated graphites 
(HSAG), Si0 2 , Al 2 0 3 , TiO a> ZrO £ , SIC, day earths, silicates, montmorilionites, zeolites 
or mixtures thereof. Per use as support materials, particular preference is given to 
charcoals, graphites, HSAG, TiO ; > and ZrQ* 

In the case of the carbon-based supports (activated carbons, graphites, carbon blacks, 
HSAG), it Is advantageous in accordance with the invention to treat the support mate- 
rial oxidatK 1 * , cants, for example HNO f „ H 2 0 2 , 0 2 > air, 0 Si am- 
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monium persulfate, sodium hypochlorite, hypoohioroas acid, perchloric acid, nitrate 
salts, and/or with acids such as HN0 3 , H g P0 4 , HO or HCOOH, Particular preference is 
given to preheating with HN0 3 , H 3 P0 4 or HCOOH. The support may be treated before 
or during the application of the metals. The pretreatment allows activity and selectivity 
5 of the supported catalysts in the invsn e ation to be impro\ 

The inventive supported catalysts typically contain from about 0.01 to 30% by weight of 
a noble metal selected from the group of the metals Pi, Pd, Rh, ir, Ag, Au in metallic 
foim or In the form of compounds, and from 0.01 to 50% by weight, preferably from 

1 0 about 0. 1 to 30% by weight and more preferably from about 0.5 to 1 5% by weight, of at 
ieast one further element selected from the group of the elements: Sn, Ge, Or, Mo, W, 
Ti, Is, V, Mn, Fe, Co, Hi, Cu, Zn ; Ga, in, Pb, Bl, Ce Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu in metallic form or in the form of a compound or mixtures thereof. 
The percentages by weight are in each case based on the total weight of the finished 

15 catalysts and calculated in metallic form. 

The proportion of the nobis metal selected Pom the group of the metals Pi, Pd, Rh, Ir, 
Ag, Au, calculated as the metal, is preferably from about 0.1 to 20% by weight, more 
preferably from about 0.5 to 15% by weight, based on the total weight of the finished 
20 supported catalyst. 

The noble metal component used is typically an oxide, oxide hydrate, carbonate, ni- 
trate, carboxyiale, sulfate, phosphate or haiide, preferably nitrate, carboxylase or halida. 

25 The at least one further element selected from the group of the elements: Sn, Ge, Cr, 
Mo, W, Ti, Zr s V, Mn, Fe, Co, NL Cu, Zn, Ga, in, Pb, Bi, Ce, Pr, Nd, Pm. Sm, Eu, Gd, 
Tb, Dy, Ho, En Tm, Yb, Lu, in addition to the noble metal selected from the group of 
the metals PI Pd, Rh, Ir, Ag, Au, is typically applied to the support material in the form 
of metal, oxides, oxide hydrates, carbonates, nitrates, carboxylafes, sulfates, phos- 

30 phates, Werner complexes, chelate complexes or halldes. Preference is given to com- 
pounds of Sn. Ge, Cr, Mo or W, particular preference to Sn in the form of oxides or 
halides, for example SnCI 2 , SnCU, SnG 3 , GeCU or GeO s . 

The application of the active components may be prepared in one or more steps by 
35 impregnation with an aqueous or alcoholic solution of the particular dissolved salts or 
oxides or of dissolved oxldic or metallic colloids, or by equilibrium adsorption In one or 
more steps of the salts or oxides dissolved In aqueous or alcoholic solution, or of dis- 
solved oxidlc or metallic colloids. Between individual equilibrium adsorption or impreg- 
nation steps, a drying step may in each case be carried out to remove the solvent and, 
40 if desired, a calcination step or reduction step. 
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The drying is advantageously carried out in each case at temperatures of from about 
25 to about 350"C, preferably from about 40 to about 280*0, and mors preferably from 
about 50 to about 150 ;! C. 

5 If desired, a ca stion may be effected aft a cation o 

peratures in the range from about 100 to 80G°C, preferably from about 200 to about 
600°C and more preferably about 300 to about 500°C. 

if desired, a reduction may be carried out after each application step. 

10 

In a particular embodiment of the preparation of the supported catalysts usable in ac- 
cordance with the invention, an element selected from the group of the elements: Sn, 
Ge, Cr, Mb, W, Ti, Zr, V, Mn, Fe, Co, Hi, Cu, Zn, Ga, in, Pb, 81, Ce, Pr, hid, Pm, Sm, 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, in a first impregnation step, is applied to the sup- 

15 per rjra p i isrboxyiafes, s 

fates, phosphates, Werner complexes, chelate complexes or haiides, then there is a 
drying step and. If desired, a calcination step and, if desired, a reduction step. After- 
ward, there is, if desired, a further impregnation with one or mere elements selected 
from the group of the elements: Sn, Ge, Cr, Mo, W, Ti, Zr, V, Mn , Fe, Co, Hi, Cu, Zn ? 

20 Ga, In, Pb, Bi, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu from the par- 
ticular oxides, oxide hydrates, carbonates, nitrates, carboxyiates, sulfates, phosphates, 
Werner complexes, chelate complexes or haiides with subsequent drying and, if de- 
sired, calcination, in the last preparation step, the noble metal selected from the group 
of the metals Pi, Pd, Rh, Ir, Ag, Au is applied to the support In the form of nitrates, car- 

25 boxylates or haiides, Finally, there is a further drying step and, if desired, a calcination 
step. 

A further means of preparing the inventive supported catalysts consists in the elec- 
troiess deposition of a noble metal selected from the group of the metals Pt, Pd, Rh, ir, 

30 Ag, Au and at least one further metallic component selected from the group of the ele- 
ments: Sn, Ge, Cr, Mo, W, Ti, Zr, V, Mn, Fe, Co, Ni, Cu, Zn, Ga, in, Pb, 81, Ce, Pr, Nd, 
Pm, Sm, Eu, Gd, To Dy Ho, Er, Tm, Yb, Lu 1 s 
carbonates, nitrates, carboxyiates, sulfates, phosphates, Werner complexes, chelate 
complexes or haiides to the support materia!. The eiectroless deposition Is advanta- 

35 geousiy effected in aqueous or alcoholic slurry of the support material and the particu- 
lar metal compounds by adding reducing agents, for example alcohols or sodium by- 
pophosphlte. Particular preference Is givers to ethanoi and NaH 2 P0 2 . 

After the deposition, a drying step is. advantageously carried out am - ; res In the 
40 range from about 25 to about zm a C, preferably from about 40 to about 280 S C and 
more preferably from about 50 to about 150°C. 
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if desired, a calcination may be effected after the deposition at temperatures in the 

o % ! K )3t 8 0*C referar ■/ from about 200 a\ 50 Can 
nore pre fa oc „ S00~C 

5 The catalysts usee in accordance with the invention are typically activated before used, 
\n the case of the catalysts prepared by electroless depcs r „ ' - : \ m „- \ < r s ; 
if desired, be dispensed with. Preference is given to activating using hydrogen or a 
mixture of hydrogen and an inert gas, typically a mixture of H 2 and N 2 . The activation is 
carried out at temperatures of from 100 to about 500 C C, preferably from about 140 to 
1 0 about 400*0 and more preferably from about 1 80 to about 330°C. Activation is effected 
at pressures of from about 1 bar to about 300 bar, preferably from about 5 to about 
200 bar and more preferably from about 10 to about 100 bar. 

The catalysts usable in accordance with the invention typically have a specific surface 
1 5 area of from about S to 3000 m 2 /g, preferably from about 1 0 to about 1 500 rrrVg. 

The inventive h\ drone s 

temperatures in the range from about 10 to about 30O°C, preferably from about 30 to 
about 180*C and more preferably from about 50 to 130°C. In general, a pressure of 
20 from about 1 to about 350 bar, preferably from about 10 to about 300 bar and more 
preferably from about 100 to about 250 bar is employed 

in the case of the inventive hydrogenation of optically active dicarooxyiic acids to the 
corresponding optically active dlois, preference is given to selecting a pressure of from 
25 about 1 50 to about 250 bar, more preferably from about 1 80 to about 250 bar and most 
preferably from about 200 to about 250 bar. 

in a preferred embodiment of the process according to the invention, especially for hy- 
drogenating arotnewsubstituied substrates, the above-described optically active starting 
30 materials are hydrogenated in the presence of an organic or inorganic acid, in general, 
the addition of acid is from 0,5 to 1.5 equivalents, more preferably from 1 to 1.3 equiva- 
lents, based on 1 equivalent of any basic groups Dresc * 

fui organic adds include, for example, acetic acid, propionic acid and adipic acid. Pref - 
erence Is given to adding inorganic adds, especially sulfuric acid, hydrochloric acid and 
35 phosphoric acid. The acids may be used, for example, as such, in the form of aqueous 
solutions or in the form of their separately prepared salts with the starting materials to 
be hydrogenated, for example as sulfates, hydrogensuffates, hydrochlorides, phos- 
phates, mono- or dihydrogenphosphates. 

40 The optically active carboxyiic acid or dlcarboxylic add to be converted may be used 
with good success In substance or in the form of an aqueous or organic solution. The 
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nydrogenatlon may be earned out in suspension or in the liquid or gas phase In the 
fixed bed reactor In continuous mode. 

in the case of a batchvvise reaction, for example, from 0.1 to 50 g of the unsupported 
5 catalysts to be used in accordance with the invention or else from 0. 1 to 50 g of sup- 
ported catalysts to be used in accordance with the Invention may be used based on 
1 mole of optionally active starting compound used. 

In a continuous process, the ratio of catalyst to starting compound to be converted is 
10 advantageously selected in such a way that a catalyst hourly space velocity in the 
range from about 0.005 to about 1 kg/Uh, preferably from about 0.02 to about 
0.5 kg/Wh. 

Suitable solvents for the reaction are, for example, the hydrogenaiion products them- 
1 5 selves, water, alcohols, e.g. methanol, ethanoi, propanoi, butanol, ethers, e.g. THF or 
ethylene glycol ether. Preference Is given to water or methanol or mixtures thereof as 
solvents. 

The m, : sgena an may be carried out in one or mora stages In the gas or liquid phase. 
20 in the liquid phase, the suspension or fixed bed mode is possible. To carry out the 
process according to the invention, suitable reactors are all of those known by those 
skilled In the art to be suitable for carrying out hydrogenatlons, for example stirred 
tanks, fixed bed reactors, shaft reactors, tube bundle reactors, bubble columns or fluid- 
Ized bed reactors. 

25 

The reaction is typically complete when no more hydrogen is taken up. Typically the 
reaction time is from about 1 to about 72 h. 

The Isolation and, if necessary, separation of the reaction products obtained may in 
30 principle be carried out by all customary processes known per se to those skilled In the 
art. Especially suitable for this purpose are extra ses, and 

also the purification or isolation by crystallization. 

The optically active reaetants used or products obtained may be investigated for their 
35 enantiomeric purity by means of ail methods known to those skilled in the art. Particu- 
larly suitable for this purpose are In particular chromatographic processes, especially 
gas chromatography processes or high-performance liquid chromatography (HPLC) 
processes, A suitable measure for determining the enantiomeric purity of the reaetants 
or products Is the enantiomeric excess (ee). 

40 

The process according to the invention features substantial suppression in the hydro- 
genation of the racemization of stereogenic centers of the substituted mono- or dicar- 
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boxyllc acids used in optically active form as starting compounds. Accordingly, the en- 
antiomeric excess of the products obtained in the process according to the invention 
t , « a . c ' ^ - v -^J - o ^ )0- N t \ , i io °e v 

ing the reaction conditions In such a way that the enantiomeric excess of the desired 
5 product corresponds to at least 90%, more preferably to at least 95%, most preferably 
to at least 98% : of that of the starting compound used. 

One advantage of the process according to the invention is that the known troublesome 
side reaction in those reactions, that of decarboxylation with release of carbon roonox- 
1 0 Ida and its subsequent reduction to methane or other lower alkanes, is substantially 
suppressed. This leads to considerable safety advantages. 

The following examples serve to illustrate the process according to the invention, but 
without restricting it in any way: 

15 

General procedure for the activation of the support materials by treating with an acid; 
1 00 g of the selected support material are heated with 200 mi of the selected acid and 
tOO n j vvate- a e ^avd to ' _ 1 1 

washing with water, the activated support material is dried at 80°C in a forced-air oven. 
20 /hen shaj I i$e e activation may < - ed ou a >t< 

evaporator or in a fixed bed reactor flowed through by the activation solution, In order 
to minimize the mechanical destruction of the support. 

Catalyst 1 preparation method: 
25 A 2 I stirred apparatus is initially charged with 25 g of Timrex® HSAG 100 (Tlmcai) pre- 
freated with HCOOH, and 800ml of ethanoi, 1.7 g of Sn{CH 3 COO} 2 and 3.4 g of 
Pt(NOs) 2 in 800 mi of water, which are stirred at room temperature for 30 min. and then 
at 80°C. Subsequently, the mixture is filtered through a suction filter, washed and dried. 

30 Example 1 : Preparation of optically active alaninol 

An autoclave of capacity 300 mi was initially charged with 5 g o? catalyst 1 together 
with SO ml of water and stirred at 60 bar of hydrogen pressure and 270°C for 2 hours. 
Subsequently, 24 g of L-alanine (>99% ee), 100 g of water and 13.2 g of H 2 S0 4 were 
introduced and hydrogenation was effected at a pressure of from 180 to 200 bar and a 

35 temperature of 100°C over a period of. 12 h. After 12 h, the reaction effluent contained 
79.24 mol% of L-alaninol (ee > 99.4) and 9 mol% of unconverted L-alanine. 

Example 2; Preparation of optically active jg-hydroxy-y-butyrolacione 
An autoclave of capacity 300 mi was initially charged with 5 g of catalyst 1 together 
40 with 50 ml of water and stirred at 60 bar of hydrogen pressure and 270*0 for 2 hours. 
Subsequently, 24 g of malic acid and 1 20 g of water were introduced and hydrogena- 
tion was effected at a pressure of from 230 to 250 bar and a temperature of 100°C over 
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a period of 36 h. The reaction effluent contained 22 moi% of 12,4-butanetriol tee 
> 98.2%), 57 mo!% of £4sydroxy-y-butyroiacione (ee > 99%), 0.1 mol% of butanedio! 
and 15 mol% of unconverted malic acid. 
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What is claimed is: 

1. A process for preparing optically active hydroxy-: alkoxys amino-, alkyh aryl- or 
chlonns-sabstltuled alcohols or hydroxy carboxyllc acids caving from 3 to 25' 

5 > or their acid 1 - i products Dy hydrogenatinc 

the correspondingly substituted optically active mono- or dicarboxyllc acids or 
their acid derivatives in the presence of , > . ^ ^ - 

noble me a - rom th« v< p 1 im lelais Pt Pd Rh r Ag Au and at 
least one further element selected from the group of the elements; Sn, Ge, Cr, 
10 Mo, VY, Ti, Zr, V, Mn, Fe, Co, Ni, Cu, Zn. Ga, in, Pb, Bt, Ce, Pr, Nd, Pm, Sni, £u, 

Gd, Tb, Dy, Ho, Er, Tm. Yb, Lu. 

2. The process according to claim 1 T wherein the noble metal is selected from the 
group of the metals Pt, Pd, Rh and in 

15 

3. The process according to claim 1 to 2, wherein the at least one further element is 
selected from the group of the elements: Sn, Ge, Cr, Mo and W. 

4. The process according to claim 1 to 3, wherein the at least one further element is 
20 Sn. 

5. The process according to claim 1 to 4, wherein the active component of the cata- 
lyst comprises Pt and Sn, 

25 5. The process according to claim 1 to 5, wherein optically active mono- or dicar- 
boxyiic acids or their acid derivatives are used which are at least one stereoeem 
ter in the a- or ^-position to at least one carhoxylic acid function or acid deriva- 
tive function derived therefrom to he hydrogenated. 

30 7. The process according to claim 1 to 8 for preparing 1 ,2-propanedloL 1 ,2- 

buianedloL 1,2-pentsnedioL 1,3-pentanediol, leucine!, isoserlnoi, valine!, Isoleu- 
cinol, serinol, threoninol, lysine!, phenylalanine!, tyroslnol, prolinol, 2- 
chioropropanoi, 2-methyh1 -hutanol, 1,2,4-butanstrioL 1,2,5-pentanetrioi, 1,2,8- 
hexaneihoL 2-hydroxy-y-butyroiactone, 3-hydrcxy-K-butvroiadone, 2~eh!oro-r- 

35 butyrolactone, 3-chioro-K-butyro!actone, 2-amlno^butyroiactone, 3-amino-y- 

butyrolactone, 2-meihyl-K-butyrolactone, 3-methyi-y-buiyrolactone, 3-hydroxy- 
S-valeroiactone, 4-hydroxy-o-valerolactone, 2-hydroxytefrahydrofuran, 2- 
methyltefrahydrofuran, 2-aminotetrahydrofuran or 3,4~dihydroxyhutyr1c acid. 

40 8. The process according to claims 1 to 7, wherein the catalysts are used In sup- 
ported form. 

116/2004 KuS/fr 02.13.2004 
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9. The process according to claim 8. wherein catalysts are used which, based in 
- o N * e trc ^<C" h "< K ; i 0 

uses from 0.01 to 30% by weight of the noble metal and from 0.01 to 50% by 
weight of the at ieast one further element. 

5 

10. The process according to claim 8 or 9, wherein the support materia! used is 
Zr0 2 , TiCK A! ; >O s , SiO ?! activated carbon, carbon blades, graphites or high- 
surface area graphites. 

1 0 1 1 . The process according to claim 8 to 1 0, wherein the noble metal and the at least 
one further elements are applied to the support in the presence of a reducing 
agent. 

1 2. The process according to claim 1 to 1 1 , wherein the hydrogenation is carried out 
15 at a pressure of from 1 00 to 250 bar. 

1 3. The process according to claim 1 to 12, wherein the hydrogenation Is carried out 
at a temperature of from 30 to 180 S C. 

20 14. The p,oCi«s oii j. U> tUn< 1 t \ ) od out 

in the presence of an acid. 
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Hydrogenation process for preparing optically active alcohols or carboxylie acids 
Abstract: 

The present invention relates to a process for preparing optically active hydroxy-, 
aikoxy-, amino-, alky!-, aryl- or chlorine-substituted alcohols or hydroxy cerboxyiic acids 
having from 3 to 25 carbon atoms or their acid derivatives or cyclizatson products by 
hydrogenaiing the correspondingly substituted optically active mono- or dicarboxyiic 
acids or their acid derivatives in the presence of a catalyst whose active component is 
a noble metal selected from the group of the metals Ft, Pd, Rh, Ir, Ag. Au and at least 
one further element selected from the group of the elements: Sn, Ge, Cr, Mo, W, Ti, Zr, 
V. Mn, Fe, Co. Ni. Cu, Zn, Ga, in. Pb, 81, Ce, Pr, No. Pm, Sm, Eu. Gd, Tb, Dy, Ho, Er, 
Tm, Yb and Lu. 



